Purpose: Investigating the triple effect of doxorubicin, 5-fluorouracil, propranolol on MCF-7 (ER+, WTp53) breast cancer cell line with MTT test and survival analysis. Materials/Methods: In order to determine effective dosages of a combination of doxorubicin, 5-fluorouracil, propranolol on the MCF-7 cell line by using MTT and survival analysis technique. Result: IC 50 values acquired by MTT tests are 0.01 mg/ml for doxorubicin, 6 mg/ml for 5-fluorouracil, 30 mg/ml for propranolol and 0.2/1/30 mg/ml (with previous respect) if all three agents are combined. It is found that the use of doxorubicin, 5-fluorouracil, and propranolol in combination is much effective than their single application. Discussion: Moderate concentrations of doxorubicin, 5-fluorouracil, and propranolol, if they are applied individually, showed high toxicity. When we used these drugs in combination; toxic effects lessened with respect to monotherapy. In the MCF-7 cell line, doxorubicin (IC 50 : 0.01 µM) increases cell death rates significantly and propranolol (IC 50 : 3 µM) has minimum effects in monotherapy in contrast to others. Propranolol is only superior to itself in combination therapy (IC 50 : 4 µM). However 5-fluorouracil (IC 50 : 30 µM) showed antagonistic effects with respect to other drugs. Additionally, having applied the three drugs in combination on the MCF-7 cell line for the first time in literature, it is highly possible to assess the application of doxorubicin, 5-fluorouracil and propranolol combination as a novel therapy option.
Introduction
Breast cancer is the most frequent cancer seen in women with an increasing incidence. In order to succeed in cancer therapy, usually, more than one chemotherapeutic agent is applied. Under current economic and financial circumstances, utilizing currently approved medicine for new indications to reposition them is an increasingly popular strategy. It is aimed to abate important risks and alleviate financial issues with the aid of well-known toxicity and pharmacogenetics of these agents [1] [2] .
Resistance against present therapies is often a concurrently increasing problem with treatment. To succeed in cancer therapy, usually more than a single chemotherapeutic agent is required. However, antecedent or preexisting drug resistance is the most significant obstacle to succeed in cancer chemotherapy.
This condition is named Multiple Drug Resistance (MDR) [3] . Having comprehended molecular mechanisms behind multiple drug resistance, further therapies can be discovered.
Breast Cancer Cell Lines are widely exercised for breast cancer modeling. Cell lines provide unlimited homogenous material for tumor studies and, moreover, since they are able to produce relatively easy cultures, breast cancer cell lines are obtained in vivo and in vitro for studies [4] .
Anthracyclines are Cell Cycle Non-Specific agents (CCNS) [5] which are applied in cancer therapy, a drug class isolated from Streptomyces peucetius Caesius, a species of actinobacteria [6] . Discovery of anthracyclines retained their popularity among scientific and clinical research sites due to their anti-tumor effects and their effects on cardiotoxic mechanisms. Anthracyclines are used in leukemia, lymphoma, breast cancer, stomach cancer, ovarian cancer and, lung cancer therapy [7] . Doxorubicin, daunorubicin, epirubicin, idarubicin, and mitoxantrone are some examples of chemotherapeutic agents of anthracycline family. Doxorubicin (dox), which belongs to anthracycline family, is one of the most widely used drugs in breast cancer therapy also an agent to treat ovarian, lung, urinary, bladder, thyroid and stomach cancers as well as lymphoma [8] [9] . Doxorubicin inhibits DNA synthesis by intercalating DNA helix [10] . This inhibition is executed by preventing the advance of enzyme topoisomerase II along DNA molecule [11] [12] . During replication, having stabilized topoisomerase, DNA double-helix structure becomes unable to be resealed and the cell undergoes apoptosis [13] [14] .
Fluorouracil (5-FU) is one of the ubiquitous chemotherapy drugs. It is applied frequently to tumors of solid tissues found in breast, colon, rectum, pancreas, and stomach cancers [15] . 5-fluorouracil is an analog of uracil which contains fluorine instead of hydrogen at position C5. It is converted intra-cellularly into many metabolites: fluorodeoxyuridine monophosphate (FdUMP), fluorodeox- tage-gated sodium channels [17] . Propranolol shows its effect on cell proliferation via cell cycle components cyclin-E and CDK2 [18] . Several studies evince
propranolol's ability to block voltage-gated sodium channels of cardiac, neural and skeleton cells and its membrane stabilizing, anti-arrhythmic effects and other effects on the central nervous system should be of concern [19] . In this study, the triple effect of doxorubicin, 5-fluorouracil, and propranolol combined applied on MCF-7 cells in order to reduce toxicities of these drugs on cells in contrast to their monotherapy. In the future, triple combination doxorubicin, fluorouracil, and propranolol might be considered as a novel therapy.
Materials and Methods

Cell Line
One of the cell lines used in breast cancer MCF-7 (ER (+), WTp53) were luminal epithelial tissue cells originated from metastatic pleural effusion obtained from a white, 69 years old, female patient with primary carcinomatous ductal tumor.
MCF-7 breast cancer cell lines are provided by Prof. Oğuz Öztürk, DETAE (Experimental Medicine Research Institute).
Cell Culture
The main constituent of media for cell culture was RPMI however 10% FBS and 0.1% penicillin-streptomycin was applied to prevent microbial infections. Cell line cultures were cultivated in a sterile incubator under the conditions of 5% 
Cell Vitality Test (MTT Test)
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Survival/Trypan Blue Test
To assess cytotoxic effects of applied drugs trypan blue is used to experiment cell 
Statistical Analysis
The results were obtained by taking the average of three experimental replicates and data were analyzed with the Graph Pad 4.04 statistics software. The independent t-test was used for the comparisons and p-value < 0.05 was determined for significant changes. 
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Survival analysis of breast cancer cells, which were treated with doxorubicin, 
Discussion
Nowadays, it is well understood that treating cancer with a single drug or single therapy does not suffice. In many studies, it is intended that numerous drugs and supplementary therapy procedures (surgical, radiotherapy, hyper-thermal regional ablative therapies and minimally invasive surgeries) are applied in combination in order to designate a more effectual therapy for the patient and minimize adverse effects. Monotherapy is not effectual in healing the disease and various therapy types are required to apply in sequence and sometimes concurrently.
It is reported that some drugs that might create systemic toxicity are not applied under effectual dosage to affect cancerous tissue. A major limitation for the use of doxorubicin is its cardiotoxicity. Researchers aimed to reduce the toxicity of anthracycline drugs [20] . 5-FU is catabolized by dihydropyrimidine dehydrogenase (DPD), which is encoded by the dihydropyrimidine gene and plays an important role [21] . DPD is the initial rate-limiting enzyme in the catabolic pathway of 5-FU [22] . Hence any alteration in this sequence of enzymatic activity can lead to toxic accumulation of 5-FU [21] . The reduced activity of the enzyme increases the half-life of the drug, resulting in excess accumulation of the drug and subsequent toxicity [23] . Cancer patients with a complete or near complete deficiency of the DPD enzyme suffered from severe toxicity, which may even cause death after treatment of 5-fluorouracil [24] [25] . Propranolol is associated with heart failure, heart block, hypotension, worsening of symptoms in psoriasis, asthma, and psychosis [26] . Therefore, incorporating combination therapies are found plausible [27] .
In our study, the toxicity of doxorubicin is found to be much higher than regard to hormonal, p53, bcl-2 or p53 in both experiments. In multiple chemotherapy application protocols, for optimized drug activity, it is claimed that the drug application sequence and dosage are the most important steps [28] .
As said by Kugawa et al. (2004) CPA, dox and 5-FU induces apoptosis in MCF-7 cells. Dosage dependence of single anti-cancer drugs was determined as per cited data and after anti-cancer drug application vitality of MCF-7 cells were equally reduced. Even used at minimal concentration dox is reported to have the highest toxicity among the three. In addition, having treated MCF-7 cells with monotherapy for four days, an induced cell death rate of 60% was reached by 5 µg/ml and 25 µg/ml for dox and 5-FU respectively. When treated with the triple combination, 60% cell death rate was reached in two or three days. According to biochemical analysis, in dox monotherapy and triple combination, DNA fragmentation was observed while others didn't show the same. It is emphasized that death of human breast cancer cell line MCF-7 induced by anti-cancer drugs might or might not be apoptotic however if a combination is applied it would be entirely apoptotic [29] .
Pasquier et al. (2006) showed that by using propranolol at low concentrations in 9 different types of cell lines including MCF-7, anti-proliferative effects of chemotherapeutic drugs can be modulated in vitro, cell-specifically and dose-dependently. Human breast carcinoma and vesicular endothelial cell lines are among most sensitives to propranolol and chemotherapy. If low dose propranolol is combined with 5-fluorouracil and paclitaxel, propranolol increases in vitro angiogenesis inhibition significantly and by affecting endothelial cells directly since it boosts anti-angiogenetic features of chemotherapeutic drugs. Although differences do not indicate statistical significance, it is found that propranolol exhibits higher anti-tumor tendencies when combined with chemotherapy in contrast to chemotherapy alone [30] .
Boosting in vitro antiproliferative and anti-angiogenetic effects of chemotherapeutic drugs were proven to be boosted by two potential mechanisms of propranolol's in vivo anti-tumor features. Previous studies exhibited propranolol's effect on pre-clinic models of both ovarian and breast cancers which are induced by stress to inhibit metastasis however it can only affect the growth of primary tumor of ovarian cancer model [31] [32] [33] . In our study, it is observed that concentrations of the drugs show high toxicity due to higher concentrations in monotherapy although when applied in combi-nation, toxic effects lessened with respect to monotherapy. In designing protocols of clinical applications which include multiple chemotherapeutic agents, effects of different agents and their cytotoxic effects and synergetic effects of agents, when applied in combination, should be taken in consideration [34] [35] [36] . Optimization of protocols of multiple chemotherapeutic agent application is regarded as the most vital step of the therapy phase and dosage [37] .
Considering future clinical trials, evaluation of such combination therapy is a necessity especially for patients who are prone to develop drug resistance with regard to an effective treatment strategy. If succeeded, it will be possible to treat more than a million women with breast cancer in an economic way in a short period. In order to investigate the synergetic and antagonist effects of these drugs with each other, a future study of double combinations of the drugs is already proposed. By the aid of these proposed results, effectual treatments might be possible with a lower dose and minimal cytotoxic effects on the patient. Since cancer generating mechanisms are not solved thoroughly, developing drugs which target these mechanisms is restricted. Moreover, current and future drug resistance is another obstacle against drug development. Usually, more than one chemotherapeutic agent is applied to succeed in cancer treatment.
In this study, having determined cytotoxic effects of doxorubicin, 5-fluorouracil and propranolol concentrations, it became evident that the agents should be tried in more frequent intervals, this study should be described as a first step and more sophisticated studies might be proposed. Meanwhile, more detailed molecular, in vitro and in vivo studies which can reveal the actual potential of the triple combination are also required. Finally, cytotoxic effects of doxorubicin, 5-fluorouracil and propranolol were minimized and their concurrent use is proposed to be a suitable combination therapy.
